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<S> Process for the catalytic partial oxidation of hydrocarbons. 

(?) A process for the catalytic partial oxidation of a hydrocarbon feedstock corners confab * 
tarfcea* Th* fixed arrangement of Ihe catalyst is pceferaUy a fixed bed* a particutate catalyst or a cle 



CO 
OT 
O 

to 
ia 



a. 

UJ 



Rank Xwok iVKi Business Smveoj 



EP 0 576 (m 



10 



75 



20 



75 



30 



36 



40 



50 



35 



The present invention relate* t a ©recess ^*-»k^ ^. . 

T«pjch syniheal,. hydrocarbon waxes, Hjbricadng base oilsTrnXo? * y " 1,18 F,8Che ^ 

The optimum catalytic partial oxidation process would oh/* k: rt u i- 
hydrogen at elevated pressure* tor example Eo^Ho ^ and verv £h ^„ ' f*?" mon ° xide and 
(he order of 100,000 MM. For ^rrn^n^ic^onet'o^r TJSm hS? eSSS? £ ° f 

12M-C whi^Jr ^ T excessively high peak temperature* occurring, typfcafiy In excess Of 
If2 £ ,f . ! Sm0eratu,es * 9 desirable in e commercial reactor. Accordingly therTexJL a 
need for a partial oxidation process having a high selectivity for the production c?c2n ZLtte eJ 
hydrogen under condition of high throughput which avoids me «xuJ5SSS fJSSZSSS!? 

LaoslX ZT 3 zr iQP ° nl 7 ^rr 5 for — *» SEEN** 

*!! r NafUral 685 U P8'**"0 II Patented before The Division of Petroled 

ChemJsby. Inc. Amencan Chemical Society. San Francisco Meeting, 5th to 10th April 1992 tfscfe^S 
of laboratory scale experiments in which a single pass reactor paied wt£ aS«aC„avS t^SLdSSS 

omE™T!J T * aChi * Wd wNch a*""*** *ose achievable under conditio, " 

o thermodynamic equilibrium. However, operation of a commercial scale reactor undw isother^i 7Z 
drbons presents complicated operational problems and is preferably avoided >*>thermal con- 

Blante. R LP. « at.. Chemical Engineering Science, Vol. 45, No. 8, pages 2407 to 2413. 1890 disclose a 
process far the preparation of syrrthe*, gas bv the Catalytic partial oxWaticn of Lurri I JTSfcT^il 

-r : - :^s~s rr^^^^ 

operational problems if operated on a commercial ecalo. P COtJld pfesent 

ca t fl ^^ P *To^ P, ^ ( l n i Ubr,C8ti0n N °- 0 303 438 (EP " A -° 303 ^ d '«^^ « Process tor the 
SScu^ S^f 0 ^ h ft ydr ° Cafb0naCeOUS ****** * »«0h * Oaseous mixture of me hydTocS 
££2T^ £ T^- ^ ° 9X1 ^""-containing gas and. optionally, steam. Is introdu<*d into a 
^™ 2 ~° ^ "tain* therein, which catalyst ha* a surface Je^t o 

^SSL, 2^L? IS C3tai,/li0 P3rtla ' 05ddatlcn 23nd is «8*«t heat toss by a 

™??*'1TZ l C T b iL fnSU,a ' ,0n mateHal 71,8 C8t3)y5< ^P'^ i« the process may comprise a 
« u Tnl^T^ ^ f"^' for •»«*«• P**«, Platinum, medium, Sm, eLum! 
*"r L n f d ' chrom^m cobalt, cerium, lanthanum and mixtures thereof. Further. It la stated In EP-A-0 
303 4M that materials not normal^ con*idar 9 <t to be catalytlcalry active may also be employed at 
catalysts, for example refractory oxides such as eordierite, mullite, mullite aluminium tltanale zirconia 
spjnejs and alumina. The catalyst may be of a variety of form,, for example sheets oT S^S^St 
packed to form elongate cnarwels theretnrougn or wire mesh. However, preference »s given in EP-A-0 303 
438 to the use ot catalysts in tha farm of monoliths. 

of 2T^ a H? ]B °\ Ef !: A :' ) ^ 3 438 18 concefned with 3 ***** **** °«<*«on reactor in which a series 

foT^TS'Si?'? C3 r ar9 emPfcy9d - diSC COmpriS,n9 3 «««« of thickness 

I«J ^ . >- eaCto ' W3S 0pera,ed uSi "9 9 fee,J comprising natural gae (> 95 % methane) 

r itor'SJ Pa - honaycomb mono,i « n catalyst structure is required in order to provide a 

LamSnS ^Sl sufflaBnt, y tow pressure drop across the catalyst to allow the vary high space velocities 

and TfS 2 II Pf0C08S t0 be . a ? hto ^- How ^' such a ^«or is expensive to construct a^d operate 
and 13 ondosirablo on a commercial scale. 

An attractive process regime wcu.d be one in which the food gaeae ara contacted with a particulate 

of JSiSST 2 3 ? d . bed r'^" 3 r0aCtor SuCh a '° 3imo is we " knovvn fcr application in a wide range 
otprocesses^However. to date It has rot been possible to employ such a reactor on a commercial scale tor 

LTd ZTVH ^ L*"™ °* taa, ' 0n °' 3 83 tne vo ^« o« cstalyst requred in the ? fixed 

bed has resulted .n a h.gh pressure drop aorosa tha bad, which in turn has prevented the very high gaa 
space velocibes required for operation from being achieved. 
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catalyst, a ceramic foam or i, irreju L.» £Jl Z, ^ 33 a ■>«■ of particulate 

if a specific set of process paramXTara^S fJS,. »h ? 010 ^ ^ spaca 
under the aforementioned smol Z» 1? ! advantageously been found that operation 

coning gas -^^7^ " ^ 

at elovated pre*suro with a eatalvat i„ » ««w*IT w ^ arDon m0,ar rat, ° ,n ^e range of from 0-45 to 0.75. 
a metal 50.4* from ^up w7<?£ PeSfc Tabte S^ST* C ° m3Uton5, ^ ^ 
vWthln the .action zone M^^I^^JlfX?^ "* "** ^ '* ^ 
* y C«^^^ ^ "• «*» - «*» monoxide and 

^ for a- 

hydrcxarbons. 31 fl ' & s $ooated gas 0 r other sources of light 

COT ™ n,n £^ '« »«l<ted. The feed may optionally comprise steam. ^ r9en ^ 

the ratio of oxygen in the form S^SSL^St " ZTJLS ^^"^ «*r •» 
Preferably, the oxygen-lo-carbon ratio Is in the 7an£ * £m TSk O^T i^T h *^™ 
25 about the stoichiometric ratio, 0.5, being esoeciaflvTnrtLrT • °*yO»n-to-ca,bon ratio* of 

particular in the form of radiation or convection via the wail of 72 -J ^JS^^T ^ ' n 

The partial ox.da«on of the hydrocarbon feedstock is effected in the presence of a catalvst which 
n~ C °o P f I 36 3 component a metal from Group vlH?S£ PerlodS?S 32 

a mo* sultaae ca, aIyst tor use in the process ct the present inveS * "^P™" 9 * 

tioned mono^r^ctir ^a r« L^? , * * autM ^ "™ *» of the aforemen- 

, WttWI wutiuras ana me term Is :o bo construed aeeoniiniiH/ c v -,m^^ ~« . 

,onu03,t y- ln 5ucn 80 "rangamem. pieces or .ayers of the monolith are arranged 
stcntJcant.vT n l^ i „„ n i , ?r pt prosont ; " ,ho ™»«°> «*en Wed.™**! 

smr l " ' U5e , me P rocess erf (his Invention. A fixed bed comprising a catalyticallv active metal 
Stl.^ ' 03m * 80 a,terna, ' vo and most suitable Ration ££VS%££ 
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The catalyst comprises a carrier. The metal of the metal gau*e or the ceramic material of the cn^mi,- 
tern, may be used as the carrier for the «ly aCtWe components Ot ^c£^££L1S5 
materials for use In preparing me particulate catalyst are wen known in ^ art a^Z^oiTll^T 
o>odes such as silica, alumina, btania. zinnia and mixtures thereof. A Zt^^^rn^Z 

£££ £ ^ i3 h a,Umina - 5n ^ e catalytic^ S^Z^l Z 

deposited on the carrier by techniques well Known in the art A most suitable mett^ to dZLZ th! 

S te a Sr U3 ^ for the cataJytlcally active metal may be proper ed froTS TZLZZ 

eZn.« ^ ,yp!CaBy a)Um,na We ^^cfally. Sutabte cerar^c toamTZ^ 

^?'T 3010 150 P°™P^h (12 to 60 pore, per certmeJJhwi^ia a 
most stable method tor deputing the catalyttealty active metal Into the ceramic foam carrier 
, n hTLT^? 0 ? ° f ,0a,Uf9S tfSCussed hereinbefore allows a fixed catalyst bed of low volume 

oxidation processto be applied. Typical gas space velocities are in the range of from 20.000 to SO 000000 
1.000.000 NWhr are typical for the process ol this invention 6 01 

range *?cm 2T?5^ P, ~ SUreS * Up * 100 ba ' ~» *• a »«<* '» *• P™»* more preferably in the 
„ J"* ,wl !' ^ <>frtacted with "*> catalyst *» elevated temperatures. Operating temperatures for the carnal 

E?££, m ZZ T°* 01 ^ 750 te 120 °* C - * *• rang* olTm lOoTto l^'c 

being typtcal Advantageously, the feed Is preheated prior to contacting the catalyst It « a further 

« Ji ™ ■ * te wc ° ssar >* » Bm,t ^ preheating of the teed to ensure that the 
t T P T tUra 01 '* e ^«f prior to the feed contacting the c^ryT» 

22 C orll^riT^S * f90dtomix *> wnt8cfin 9 *• ^yst. whilst ensuring that the 
feed once fully mixed, contacts the catalyst bolero the autolgnitlcn delay time elapses. 

in a further aspect, me present Invention relates to carbon monoxide or hydrogen whenever prepared 
oy a process as hereinbefore described. 

in J^l e"**? Pr !f°" t lnVfinton b **** de8CTi ^ by way of the followmo illustrative examples. 
5 aTe cc^p^^examp a |es * ^ 3 Pr ° C8S * 3CC ° rdin9 10 ^ PrM8nt i ™* r * iW 3 ™ d 

Example I 
Catalyst Preparation 

.Uh? P^^a'P^"^™ catalyst was prepared by impregnating a commercaily available, particulate 
" UT,B ' 30 a " ueous solu *>" o' chloreplatinic acid (HjPtClO. followed by drying and 
calcining the .mpregnaied material. The catalyst comprised 0.5% wt plallnom. 

Catalytic Pa rtial Oxidation 

A reactor was constructed comprising a bansparent sapphire tube mounted concentrically within an 
outer transparent polycarbonate tube, a radiation impermeable, platinum foil was placed around the inner 
sapphiro lube. Tho catolyot wee loaded into tho inner aapphire lube. The catalyst wea retained in the form 
oi a fixed bed of catalyst particles having a tortuosity of 1.5. Methane and oxygen, in sufficien' amounts to 
give an oxygen-lo-carbon ratio of 0.5. were fed to the reactor and thoroughly mixed just prior to being 
introduced into the reactor at a pressure of 2 bar and a gas hourly space velocity (GHSV) ol 900,000 Nl/Vhr. 
The leed hod a roaidenc© time in tho catalyst bed of 9 milliseconds. 
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The composition of the gas mixture leaving the reactor was determined bv ms h,^^^, tv 
operating t mperature of th reactor was determined by optical m^lSS^S!^^ 
"> a ™' «>' *» "P-rlmenl are 9 ^ fnT^tel nere,7tj(£ 9 ""^tlcns of the 

s Example 2 

of J^^^L* E T >PI ° 1 W35 repea1ed U5,p a u, ° 5amo general method. The operating conditions 
of the reactor and the results are set out in Table I hereinbelow. " 

io Exampte 3 • Comparative Exam ple 

For comparison purposes, the experiment of Example 1 was related, but with the omi,*ion of the 

££££ operamg C00d * rtion3 and *• results ef =** eXriK 
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Exampte 4 • 
Catalyst Preparation 

* ^^pha-alumine catalyst wee prepared by impregnating a commercially avallaOle. particulate 
alpha-alumina earner wrth en aqueous solution of rhodium cMorkte (RhCMi followed by dryin 0 errfceSIg 
the impregnated maierial. The completed catalyst comprised $.0% wt rhodium. 9 

Catalytic Partial Oxidation 

The rhodium^ontaining catalyst was retained as a fixed bed of particles having a tortuosity of 1 5 and 
appted in me catalytic partial oxidation of methane using the gener^edurel^SKampte^ 
hereinbetow" 8 ° of *° "= >actor °" d *■ results of the experiment are summarised in Table 11° 

Example S - Comparative Example 

For comparison purposes, the experiment cf Exampte 4 wee repeated, but with the omission of the 
piatmutp fen. The operating conditions and She results of the comparative experiment are eat out in Table II 
hereinbelow. 

from the data presented in Table l. It can be seen mat. when employing the platinum-containing 
catalyst, operation of the reader under adiabatta conditions, that is with the platinum toil in place, rafted in 
a significantly lower operating temperature for the catalyst bed. Further. It can be seen that the overall 
conversion of methane and the selectivity of the process to both carbon monoxide and hydrogen increased 
significantly. 

From the data presented in Table II. it can be seen that a similar pattern with respect to the methane 
conversion and the selectivity of the process to both hydrogen and carbon monoxide resulted when the 
modtum-containing catalyst was employed. The rhodium catalyst exhibited a greater intrinsic activity in the 
catalytic partial oxidation tactions than the platinum catalyst, resulting In an overall conversion and 
selectivity much closer to that expected at thermodynamic equilibrium. However, a significant Increase in 
the conversion and selectivity of the process was still observed when employing the rhodium^cntainins 
catalyst under adiabatic conditions. 
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Table I 



Example 1 Example 2 Example 3 

(Comparative) 



Operating Condition* 








Temperature (*C) 


850 


860 


1150 


Pressure , (bar) 


2 


3 


£ 


CHSV (KlA/hr) 


900,000 


900.000 


900.000 


Oxygen/Carbon ratio 


0.5 


0.5 


0.5 


Reactor Outlet Gas Composition 




* 


CH 4 (%) 


22 


20 


31 


CO (%) 


3a 


34 


28 


co 2 (%) 


5 


6 


• 

? 


M 2 (%) 


31 


3S 


15 


H 2 0 (%) 


8 


6 


20 


CH 4 conversion (%) 


64 


67 


53 


0 2 conversion (») 


xoo 


100 


100 


CO selectivity (%) 1 


87 


85 


80 


H 2 selectivity (*) * 


79 


86 


43 



1 selectivity to CO based on CH 4 conversion 

2 selectivity co based on CH^ conversion 
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Table n 





Example 4 


Example 5 (Comparative) 


operating Conditions 


Temperature (»C) 
Pressure (bar) 
GHSV (NLlhr) 

Oxygen/Carbon ratio 


# 

1.75 

t. 000,000 
0.81 


960 

1.75 
900,000 

0.61 


CH* conversion (%) 
Oz conversion (%) 
CO selectivity 

Ha detectivity (%> * 


08.3 
100 
94.0 
93.4 


97.2 
100 
93,5 
93.3 



1 selectivity to CO based co CH* conversion ~ 

2 selectivity to Ht bas«d on CH» conversion 

# temperature determined by inspection to ha substantially befcw 850 • C. 



Claims 



2. 



I JZ£??? f>°**><»»**™ ot a hydrocarbon feedstock, which process comprises 
contectmg a feed compnang the hydrocarbon feedstock, an oxygen-containing g** and. opGonany 
Mm « an oxygen-to^arbon molar ratio fn the range of from 0.45 to 0.75, at (tod pnsXZTa 

Group VtlloMb* PoruxJic Table supported on a carrier and which catalyst is retained vyfdiin the reaction 
zone in a fixed arrangement havino a high tortuosity. «nwaon 

a proce« according to claim 1. characterised in that the hydrocarbon feedstock comprises methane, 
natural goo. associated gas or a source of Bghl hydrocarbons. 

* t^Ti J***"""* t0 eittw 01 claim9 1 • & characterised in that the oxyoen-contajnino gas to 
subslantalJy pure oxygen. w v 

4 - ,^°?*f according to any preceding claim, characterised in that the teed comprise the hydrocarbon 
oS^^b\y^^Ts' COntmn9 ** h am0WrtS 9iVln9 " Q ^ flen ' to - c * bon ratio of from 0.45 to 

fi. A process according to any preceding claim, characterised In that the feed com P rfc« s ,|,am. preferably 
at a steanvto-carbon ratio of from above 0.0 to 3 0. more preferably from 0.3 to 2.0. 

6. A process according to any preceding claim, characterised in that the catalyst comprises a metal 
selected from ruthenium, rhodium, Palladium, osmium, iridium and platinum, preferably selected rrom 
platinum, palladium, rhodium and ruthenium. 



7. A process eccofdrng to any preceding claim, characterised in that the fixed arrangemenl of the catalyst 
is in a form selected from o fixed bed of a paniculate catalyst, e metal gauze ana a ceramic foam 
preferably a fixed bed of a particulate catalyst or a ceramic foam. ' 

a A process according to any preceding claim, characterised in that the lixed arrangement has a 
tortuosity in the range of from t .1 to 10.0. preferably from i.i to 5.0. more preferably from i .3 to 4.0. 

9. A process according to any preceding claim, characterised In that Ihe space velocity of the f ed is in 
the range of from 20.000 to 50,000,000 NM/hr. preferably from 50.000 to 10.000.000 Ni/fhr. 

10. A process accoroing to any preceding cloim. characterised in that Ihe feed is supplied at a pressure in 
the range of up to 1C0 bar, preferably from 2 t 75 bar. 



EP0878096A2 

1 1. Carbon monoxk* or hydrogen whenevar prepared by a process according to any pracedino claim. 
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